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Abstract.—Ictalurid populations, including those of the Neosho madtom Noturus placidus, have
been monitored in the Neosho River basin since the U.S. Fish and Wildlife Service listed the Neosho
madtom as threatened in 1991, The Neosho madtom presently occurs only in the Neosho River basin,
whose hydrologic regime, physical habitat, and water quality have been altered by the construction
and operation of reservoirs. Our objective was to assess changes in ictalurid densities, habitat, water
quality, and hydrology in relation to the presence of a main-stem reservoir in the Neosho River
basin, Study sites were characterized using habitat quality as measured by substrate size, water
quality as measured by standard physicochemical measures, and indicators of hydrologic alteration
(IHA) as calculated from stream gauge information from the U.S. Geological Survey. Site estimates
of ictalurid densities were collected by the U.S. Fish and Wildlife Service annually from 1991 to
1998, with the exception of 1993. Water quality and habitat measurements documented reduced
turbidity and altered substrate compesition in the Neosho River basin below John Redmond Dam.
The effects of the dam on flow were indicated by changes in the short- and long-term minimum and
maximum flows. Positive correlations between observed Neosho madtom densities and increases in
minimum flow suggest that increased minimum flows could be wvsed to enhance Neosho madicm
populations. Positive correlations between Neosho madtom densities and increased flows in the winter
and spring months as well as the date of the 1-d annual minimum flow indicate the potential importance
ol the timing of increased flows to Neosho madtoms. Because of the positive relationships that we
found between the densities of Neosho madtoms and those of channel catfish Jetalurus punctatus,
stonecats Nomurus flovus, and other catfishes, alterations in flow that benefit Neosho madtom popu-
lutions will probably benefit other members of the benthic fish community of the Neosho River.

Reservoirs decrease the flow of sediments and  water quality downstream (Obeng 1981; Stanford
alter the hydrologic regime, physical habitat, and et al. 1996). Hesse and Mestl (1993) showed that
a reservoir system can substantially alter the hy-

drograph of a river system. Patton and Hubert

* Corresponding author: mark_wildhaber@usgs.gov (1993) found that the presence of a reservoir on a
Received July 2, 1999 accepted April 17, 2000 Great Plains stream eliminated braided channels
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that had historically existed downstream. After the
construction of an extensive reservoir system with-
in the lower Kansas River, the range of flow was
reduced, turbidity declined, phytoplankion in-
creased, and substrate changed {rom loose and
“‘quick™ to firm and stable (Cross and Meoss 1987).

Cross and Moss (1987)_suggested that the
changes in hydrology and habitat that result from
water control by dams and reservoirs have detri-
mental impacts on fish populations. Subsequent
research has demonstrated this (Bain et al. 1988:
Scheidegger and Bain 1995). Cross and Moss com-
pared predam and postdam data to show the impact
of the reserveirs in the Arkansas River system on
fish communities, flows, and turbidity. Frequent
extreme variations in hourly water flow caused by
a hydroelectric dam have been shown to reduce
the abundance of habitat specialists (i.e., fish spe-
cies that strongly prefer shallow, slow water along
stream margins; Bain et al. 1988), lower abun-
dance in the larval fish community (Scheidegger
and Bain 1995), and result in a downstream re-
covery gradient of the fish community (Niemi et
al. 1990: Yount and Niemi 1990; Kinsolving and
Bain 1993). One might expect the impacts that
flood control dams have on downstream riverine
ecosystems to be similar to those of hydroelectric
dams because of the regulated nature of both sys-
tems. However, the effects of hydroelectric dams
should be larger and more immediate than those
of flood control dams owing to the higher fre-
quency of changes in flow associated with the for-
mer (Baxter 1985). Our study focuses on a dam-
and-reservoir system designed primarily for flood
control.

One of the most recently developed methods for
evaluating how the hydrology of a river system
has changed over time is known as indicators of
hydrologic alteration (IHA; Richter et al. 1996;
The Nature Conservancy 1997). IHA is a series of
different annual measures calculated from the
stream gauge data for each water year (October |
of the year before to September 30 of the current
year) that are available from the U.S. Geological
Survey (USGS). The IHA measures include the
average daily discharge for each of the 12 months;
the average minimum and maximum daily dis-
charges over 1, 3, 7, 30, and 90 d; the days of the
year of the 1-d minimum and maximum discharg-
es; the number of reversals between rising and
falling discharges and the mean rate of rising and
falling discharges: and the number of low pulses
and high pulses and their average length in days.
These measures help to characterize the hydrologic
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variation of a stream system within each year. The
goal of Richter et al. (1996) was to provide an
analytical tool for describing complex hydrologic
variation to facilitate investigation of the ecosys-
tem effects of hydrologic alterations. The hydro-
logic measures developed by Richter et al. were
guided by the paradigm that the most effective way
to manage riverine ecosystems is to protect or re-
store ““natural” hydrologic regimes (Sparks 1992;
Poff et al. 1997). By trying to maintain or restore
the natural hydrologic regime, resource managers
should be able to maintain or restore the entire
group of species in a riverine ecosystem (Sparks
1992).

The Neosho madtom Noturus placidus (Taylor
1969) is a small (<75 mm total length) ictalurid
that is native to the main stems of the Neosho and
Cottonwood rivers in Kansas and Oklahoma and
the Spring River in Kansas and Missouri {Luttrell
et al. 1992; Cross and Collins 1995; Wilkinson et
al. 1996). This species occupies portions of riffles
with mean flows of 79 cm/s, mean depths of 0.23
m. and unconsolidated pieces of pebble and gravel
2-64 mm in diameter (Moss 1983). Neosho mad-
toms feed at night on larval insects found among
the gravel (Cross and Collins 1995), Based on sam-
ples collected throughout the year {both day and
night), the highest numbers of Neosho rhadtoms
occur in riffies during daylight hours in late sum-
mer and early fall after young of year are believed
to have recruited to the population (Moss 1983;
Luttrell et al. 1992; Fuselier and Edds 1994). Pre-
vious research suggests that Neosho madtoms have
a life cycle that is annual in nature, with recruit-
ment of young of year into adult collection gear
about the time the adults begin to disappear from
collections (Fuselier and Edds 1994),

Downstream of its confluence with the Cotton-
wood River, the Neosho River is regulated by John
Redmond Dam, which forms John Redmond Res-
ervoir, a body of water that is used for flood con-
trol, water supply, maintenance of downstream wa-
ter quality, and recreation (Figure 1). The Neosho
madliom was federally listed as threatened by the
U.S. Fish and Wildlife Service (USFWS) in May
1990, and a recovery plan was approved in Sep-
tember 1991 (USFWS 1991). The plan suggested
the need for maintaining springtime flows for
spawning as well as minimum flows during low-
water times for the survival of Neosho madtom
populations.

Our objective was to assess the impact of the
presence and operation of John Redmond Dam and
Reservoir on ictalurid population trends (in par-
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Ficure 1.—Sampling sites (triangles) on the Neosho and Cottonwood rivers from 1991 to 1998, U.S. Geological
Survey gauging stations are represented by half-filled circles. Numbers represent locations as follows: | = Plymouth,
Kansas: 2 = Americus, Kansas: 3 = Burlington, Kansas: 4 = lola, Kansas; 5 - Parsons, Kansas; and 6 = Commerce,

Oklahoma.

ticular those of the Neosho madtom), as well as
on the hydrology, habitat, and water quality in the
Neosho River. Specifically, our hypothesis was
that the presence of John Redmond Dam has sig-
nificantly changed the hydrology, habitat, and wa-
ter quality in the Neosho River below the dam and
thus is detrimentally affecting ictalurid popula-
tions, particularly those of the Neosho madtom.
We tested this hypothesis by comparing the fol-
lowing: (1) current ictalurid densities, habitat, and
water quality above the reservoir and those below
the dam; (2) predam and postdam hydrographs for
the Neosho River below the dam; (3) postdam hy-
drographs above the reservoir and those below the
dam; and (4) the relationships between annual ic-
talurid densities and the current and preceding wa-
ter year values of each IHA measure.

Study Area
The study area included the main stems of the
Neosho and Cottonwood rivers in Kansas and

Oklahoma, which we will refer to as the Neosho
River basin (Figure 1). The Neosho and Cotton-
wood rivers are part of the Arkansas River drain-
age and drain mainly tallgrass and mixed-grass
prairie, with mature riparian vegetation along
some sections (Moss 1983). The Cottonwood Riv-
er joins the Neosho River near Emporia, Kansas.
The Cottonwood River and the Neosho River up-
stream of its confluence with the Cottonwood Riv-
er are fifth-order streams (Moss 1983), with mean
annual discharges from 1990 to 1998 of 25.0 m¥/
s at Plymouth, Kansas, and 12.7 m*/s at Americus,
Kansas, respectively (Figure }). The headwaters
of the Neosho and Cotlonwood rivers are regulated
by reservoirs. Construction of Marion Reservoir
at the headwaters of the Cottonwood River began
in 1964, with embankment closure in 1967 and
full flood control operation in 1968 (Tulsa District
USACE 1993). Construction of Council Grove
Lake at the headwaters of the Neosho River began
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in 1960, and the lake was placed in full lood con-
trol operation in 1964 (Tulsa District USACE
1993). Downstream of its confluence with the Cot-
tonwood River, the Neosho River is regulated by
John Redmond Dam, construction of which began
in 1959, with embankment closure in 1963, full
flood control operation in 196% and final comple-
tton in 1965 (Tulsa District USACE 1993). All
three reservoirs were constructed with water stor-
age capacity that could be used for flood control,
water supply, maintenance of downstream water
quality. and recreation (Tulsa District USACE
1993).

Methods

Gravel bar sampling.—From 1991 to 1998, 12
gravel bars (shoreline collections of pebbles up to
38 mm in diameter that extend out into the river
and are believed to provide suitable habitat for
Neosho madioms) were selected by USFWS for
monitoring Neosho madtom populations (USFWS
1891). Generally, the same grave! bars, or ones in
the same river reaches, were sampled each year
(Figure 1). The number of sites sampled above
John Redmond Reservoir and below John Red-
mond Dam was similar but varied somewhat owing
to high-waler conditions and shifting gravel bars.
Sampling at all sites occurred during daylight
hours between August and October, after Neosho
madtom young-of-year recruitment was expected
to have occurred. In 1993, no sampling was pos-
sible owing to extreme flooding. Data from 1996
were excluded from analyses because only four
sites, all above the reservoir, were sampled owing
to inaccessibility resulting from high waters.

Before sampling, three to five transects perpen-
dicular to the river channel were spaced equally
to span the length of the bar. In most instances,
five stations were spaced equally along each tran-
sect, with a minimum distance of 2 m between
adjacent stations. Fewer than five stations were
established if the river channel was less than 10
m wide or if a station occurred at a depth too great
to seine (>1.25 m). Transects on a gravel bar were
sampled in order from downstream to upstream.
On each transect, stations were sampled in order
from nearest to most distant from the gravel bar.
At each station, sampling proceeded in the follow-
ing order to minimize the impacts of samples on
each other: ictalurids (Neosho madtom, channel
catfish Ictalurus punctatus, slender madtom No-
turus exilis, stonecat N. flavus, brindled madtom
N. miurus, freckled madlom N. nocturnus, and flat-
head catfish Pylodictis olivaris), substrate, water
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depth, water velocity, and surface water. Mea-
surements of substrate and surface water quality
were collected only in 1991, Fishes were collected
from a 4.5-m” area by disturbing the substrate
starting 3 m upstream of a stationary seine (3.0-
mm” mesh) and proceceding downstream to the
seine (i.e.. kick-seining). All ictalurids were iden-
tified, measured for total length, and released back
into the river. Substrate was collected from an un-
disturbed area adjacent to the fish sampling lo-
cation with a 13-cm deep X 10-cm-diameter cy-
lindrical grab sampler. Substrate samples were
placed in plastic bags, transported to the labora-
tory, dried for 10-15 min at 100-110°C, and
sieved into five size-classes (<2 mm, 2-9 mm, 9—
19 mm, 19-38 mm, and > 38 mm) that were then
weighed. Water depth was recorded, and water ve-
locity at 60% of water depth was measured with
a Marsh-McBirney model 201 current meter. After
all station samples were collected at a site, a sur-
face water sample was analyzed with a Hach model
DREL/IC portable colorimeter for pH, alkalinity,
hardness, conductivity, turbidity. un-ionized am-
monia (NH,), nitrite plus nitrate (NO, + NO3),
sulfate (SC,), phosphate (PO,), and chloride (C1 ).

Hydrologic data—We obtained USGS hydro-
logic data in the form of daily mean flows from
gauges on the Neosho and Cottonwood rivers be-
fore and after the construction of John Redmond
Dam. The 1960s was the decade of ongoing res-
ervoir construction; full flood control operation
was not in effect for all three primary reservoirs
combined (Council Groves, John Redmond, and
Marion) until 1968 (Tulsa District USACE 1993).
Therefore, the postconstruction hydrograph for the
period prior to the initiation of Neosho madtom
population monitoring was represented by data
from water years 1970 to 1989 (1970 is the water
year that started in October 1969). This supplied
the 20-year minimum data set suggested by Richter
et al. (1997) for representation of the postconstruc-
tion period. We used hydrologic data from 1940
to 1959 to represent the 20-year preconstruction
hydrograph needed for comparison with the post-
construction hydrograph. We used 1990-1998 hy-
drographic data from the gauges at Americus,
Plymouth, Burlington, lola, and Parsons, Kansas,
and Commerce, Gklahoma (Figure 1), to directly
test relationships among IHA measures and Neo-
sho madtom densities.

We used predam and postdam data from the
gauge near lola, Kansas, to compare the hydro-
graph of the Neosho River below John Redmond
Dam before and after the construction of the three
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primary reservoirs in the Neosho River basin (Fig-
ure 1). The gauge at Iola was the closest one down-
stream of John Redmond Dam (89 km) that was
in operation before construction of the three res-
ervoirs (Putnam et al. 1996).

We used postdam hydrologic data from the
gauges near Americus and Burlington, Kansas, on
the Neosho River and Plymouth, Kansas, on the
Cottonwood River to more directly assess the ef-
fects of John Redmond Dam on the hydrograph of
the Neosho River. The gauge near Americus is 38.6
km upstream of the mouth of the Cottonwood Riv-
er. The gauge near Plymouth is 63.1 km upstream
of the confluence with the Necsho River. The
Americus and Plymouth gauges are the nearest
ones upstream of John Redmond Reservoir. There
are no gauges between the confluence of the Ne-
osho and Cottonwood rivers and the reservoir. Be-
cause the hydrologic data used consisted of daily
means, the data from the Americus and Plymouth
gauges could be considered synchronized. There-
fore, as a conservative estimate, we combined the
hydrologic data from these two gauges to represent
the postdam Neosho River hydrograph above the
reservoir. Data from the gauge near Burlington
were used to represent the postdam Neosho River
hydrograph below John Redmond Dam because
that gauge is much closer to the dam (8.5 km
downstream) than the one near lola.

Statistical analyses.—We analyzed the physical,
chemical, and fish population data to assess dif-
ferences between sites above John Redmond Res-
ervoir and sites below John Redmond Dam as well
as differences across years. Arithmetic means were
calculated for sites’” depth and velocity. We cal-
culated site densities for four categories of fish:
Neosho madtoms, channel catfish, stonecats, and
all non-Neosho madtoms ictalurids combined. The
last grouping was established because some spe-
cies of ictalurids were not found often enough to
allow separate species-level analyses. We calcu-
lated fish densities by dividing the total number
of Neosho madtoms, all other catfishes combined,
channel catfish, stonecats, and other catfishes col-
lected at a site by the total area sampled by kick-
seining. We calculated site means for substrate size
categories by dividing the total weight of a size
category by the total weight of all size categories
for the site. We also calculated the geometric mean
and fredle index (geometric mean adjusted for dis-
tribution of particle sizes) for the substrate at each
site, as suggested by McMahon et al. (1996), to
characterize subsirate suitability for Neosho mad-
toms. When the geometric means of substrate sam-
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ples are similar, a high fredle index indicates sub-
strate consisting largely of sizes near the mean,
while a low fredle index indicates more evenly
distributed substrate sizes. The fredle index is pos-
itively correlated with the potential permeability
of sediment to water, and hence 1o dissolved ox-
ygen transport within the sediment, and it has been
shown to be positively correlated with the emer-
gence of salmonid aleving (Platts et al. 1983 and
references therein). Mean daily flow data were
summarized before analysis by means of [HA mea-
sure estimates produced with the IHA software
(Nature Conservancy 1997).

All statistical tests were conducted using SAS
software (SAS Institute 1990). Site means were
checked for normality and tested for homogeneity
of variance using a chi-square test (Steel and Torrie
1980). Most nonnormal variables were log,, trans-
formed; variables that were proportions or ratios
were (ransformed using the arcsine of the square
root. Various statistical methods were used to
make primary comparisons between the situation
before and after dam construction; between the
situation above John Redmond Reservoir and that
below John Redmond Dam; among Neosho mad-
tom densities and ictalurid densities, depth, and
velocity; and among the IHA measures and Neosho
madtom densities. These methods included ahal-
ysis of variance (ANOVA), Levene’s test for dif-
ferences in variance, correlation analysis, and
analysis of covariance (ANCOVA) (SAS Institute
1990). Generally, relationships for which P < 0.05
were considered significant and those for which
0.05 = P < 0.10 were considered marginally sig-
nificant. Separate two-way ANOVAs with years
and location above the reservoir or below the dam
were performed on site means for fish densities.
depth, and velocity. Separate one-way ANOVAs
were performed on the annual IHA values for com-
parisons between the predam and postdam situa-
tions and those above the reservoir and below the
dam. Our ability to normalize variables through
transformations and equal sample sizes allowed us
to use the power and robustness of ANOVA to test
hydrologic differences in mean values relative to
location above the reservoir or below the dam de-
spite the differences in variance that may have
existed (Milliken and Johnson 1984). Because
Richter et al. (1997) emphasized the importance
of the interannual variation in IHA measures 10 a
riverine ecosystem—along with the central ten-
dencies of those measures—we also used Levene's
test to assess the effects of the presence of the dam
on interannual variation in the IHA measures.
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Correlation analyses were used to assess rela-
tionships between the densities of Neosho mad-
toms, all other catfishes combined, channel catfish,
and stonecats and depth and velocity. Separate
two-way ANCOVAs were performed on Neosho
madtom densities for each HHA measure to assess
the relationships between Neosho madtom densi-
ties and IHA measures after adjusting for effects
attributable to year and position relative to the dam
and reservoir. The above-the-reservoir versus below-
the-dam effect in the ANCOVA models accounted
for relationships that were the result of upstream—
downstream patterns resulting from potentially im-
portant factors such as stream size and the presence
of the dam and reservoir. The ultimate goal of the
ANCOVAs was to determine if Neosho madtom
population trends were related to IHA measures
independent of the two main factors present within
the design of the study (i.e., year and presence of
the dam and reservoir). For the ANCOVAs, we
used current and preceding waler years for the
gauge closest to the gravel bar sampled. Because
there were fewer gauges than there were gravel
bars sampled, we grouped gravel bars by nearest
gauge (i.e., Plymouth, Americus, Plymouth and
Americus combined, Burlington, Iola, Parsons, or
Commerce). We then averaged Neosho madtom
site densities in each year by gauge grouping be-
fore any ANCOVAs were conducted. The annual
nature of the life cycle of the Neosho madtom
made it possible for us to compare density rela-
tionships with THA measures in the current and
preceding water years to assess whether population
trends were the result of survival to reproductive
age (or reproductive success) and survival of
young of year 1o recruitment to the population,
respectively.

Before we present our results, two important
points need to be made concerning the validity and
strength of those results as they relate to the anal-
yses chosen. First, if it had been possible, this
study should have been done in the context of a
before-after-control-impact-pairs (BACIP) design
(Stewart-Oaten et al. 1992). In the BACIP design,
the system is studied before and after the impact
(in this case dam construction) simultaneously
with a control system to ensure that observed
changes are the result of the impact and not some
unknown environmental factor. Because the Ne-
osho madtom was not identified as a species until
after construction of the dam (Taylor 1969; Tulsa
District USACE 1993), a before—after comparison
of fish populations was not possible. Owing to the
regional nature of the distribution of Neosho mad-
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tom populations (Luttrell et al. 1992; Cross and
Collins 1995; Wilkinson et al. 1996), a control
system for comparison is not available for the spe-
cies. Even so, the validity of the information
gained from this study is supported by the length
of time covered, which provided data over an 8-
year period for a fish that generally lives 2 years
or less (Fuselier and Edds 1994). In essence, the
multiyear nature of the study and the Neosho mad-
tom’s annual life cycle allow year to be used in
ANOVA and ANCOVA models as the control and
before—after comparison by accounting for year-
to-year variability stermming from unknown en-
vironmental factors. Second, the Neosho madtom’s
annual life cycle results in recruitment of young
of year into adult collection gear about the time
adults begin to disappear from collections (Fuse-
lier and Edds 1994); as a result, we could not ef-
fectively compare young of year and adult Neosho
madtoms.

Results

The densities of Neosho madtoms and channel
catfish were greater above John Redmond Reser-
voir than below John Redmond Dam; the density
of the all catfishes other than Neosho madtoms was
marginally greater above the reservoir; and the
densities of stonecats did not differ significantly
between the two locations (Table 1). None of the
measured catfish densities differed among years.
Neosho madtom densities were positively corre-
lated with the densities of all other catfishes com-
bined (r = 0.41, P = 0.001), channel catfish (r =
0.34, P = 0.007), and stonecats (»r = 0.35, P =
0.006). Neosho madtom and stonecat densities
were positively correlated with water velocity (r
= 0.33, P = 0.008; and r = 0.50, P = 0.0001,
respectively). The densities of all other catfishes
combined, channel catfish, and stonecats were neg-
atively correlated with depth (r = 047, P =
0.001; r = =033, P =0001; and r = -0.51, P
= 0.0001). The negative correlation between Ne-
oshoe madtom densities and depth was marginally
significant (r = —0.22, P = 0.08). In all of the
above correlations, N = 61.

Physical habitat and water quality characteris-
tics differed above John Redmond Reservoir and
below John Redmond Dam (Table 2). Turbidity
was higher, water temperature lower, and the fredle
index marginally lower above the reservoir (Table
2). Water depth was marginally lower above the
reservoir (Table 1). Water velocity, individual sub-
strate size-classes, and the geometric mean of sub-
strate size did not differ between the two locations
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TaBLE L. —Two-way analysis of variance (ANOVA) results for 1991-1998 ictalurid densities. water depth, and
velocity among years and location above John Redmond Reservoir or below John Redmond Dam.

Density (fish per 100 m?)

Catfishes
other than’
Neosho ~—  Neosho Channel Depth Velacity
Vuriable madtoms madtoms cutfish Stonecits (m) (m/s)
Two-way ANOVA
(P-value |F)]y
Year 0.15 (.45 0.2% 0.33 0.36 0.013
[1.69] [0.97] [1.29] [1.18] 11.13] [3.24]
Location 0.0015 (1066 0.051 0.44 0.070 0.71
[11.31] 13.53] [4.01) [0.60] [3.44] [(.14]
Year X location 0.29 0.089 0.071 .53 .93 (95
|1.2¥] 12.05] [2.19] 10.83] 1€1.26] [0.21])
Means
Ncuthn and Cottonwooed
rivers above John Red-
mond Reservoir 19.82 45.40 34.31 4.601 (.33 .34
Neosho River below John
Redmond Dam 5.64 25.66 18.73 283 0,38 .35

(Tables 1 and 2). Dissolved oxygen concentrations,
temperature, and PO, concentrations were lower
(the last marginally), while alkalinity and NH,
were higher above the reservoir (Table 2). Con-
ductivity, pH, hardness, SQ,, and CI" did not differ.
The concentration of NO, + NO; was 1.5 mg/L
at one site below the dam but 0.23 mg/L or less
at all other sites, with six of these sites having

nondetectable levels. For this reason, NO, + NO,
data were not analyzed statistically and are not
reported in Table 2. Water velocity was different
among years, but depth was not (Table 1),
Hydrographic data (IHA values) were related to
the presence of John Redmond Dam and John Red-
mond Reservoir (Figures 2-5), and Neosho mad-
tom densities were related to IHA values (Table

TaBLE 2.—-Means, standard deviations (SD), and one-way analysis of variance (ANOVA) results for 1991 habitat
and water quality measurements for locations above John Redmond Reservoir and helow John Redmond Dam. For alt
variables except water quality measures above John Redmond Reserveir N = 6; for those measures. N = 3.

Above John
Redmond Reservoir

Below John
Redmond Dam

Variuhle Mean Sk Meun SD P-value (F)
Substrate (percent by weight)
=38 mm 4.35 01 75 (.15 0.38  {0.83)
~38 and =19 mm 26.63 12.26 23.26 6.57 0.57  (0.35)
<219 and =9 mim 3147 5.64 36.32 11.00 0.36 ((1.92)
<9 and =2 mun 21.54 5.89 19.52 6.03 0.57  (0.35)
<2 mm 15.14 6.75 11.95 5.61 0.39  (0.79)
Geometric mean 10,40 0.06% 11.74 (3,04 050 (0.49
Fredle index 5.52 1.85 7.82 2.12 0.073 (4.02)
Water quality

Water temperature (°C) 2474 1.80 27.5% 1.36 0.014 (9.26)
Turbidity (NTU) 5740 17.%9 27.17 7.36 0.0045 (14.09)
pH 8.37 0.07 8.47 0.21 037 (0sm
Dissolved oxygen (mg/l.) .66 .67 5.62 0.59 0.033 (631
Conductivity (mmhos/cm) 548.00 189,12 433.33 32.04 017 (2.18)
Alkalinity (mg/L) 161.20 9.31 145.00 346 0.0032 (15.84)
Hardness (mg/l.) 22092 0.17b 180.22 0.020 .24 (159
NH; (mg/L) (340 0.05 0.15 0.09 0.0003 (33.15)
SOy (mg/ly 65.0 57.12 48.83 6.15 0.50  (0.48)
POy (mg/l) 1.38 071 243 1.07 0.094 (3.50)
Cl (mg/l.) 14.20 931 13.67 2.88 090  (0.02)

* Standard deviation of arcsintproportion 2)-transtormed data.
b Standard deviation of log g-transtormed duta.
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Fraure 2.—Means and standard deviations for 22 flow indicators before and after construction of John Redmond
Dam and John Redmond Reservoir (Richter et al. 1996). The U.S. Geological Survey hydrologic data used are
from the gauge near Tola, Kansas. The period 1940-1959 represents the predam period, the period 19701989 the
postdam period (N = 20 in cach period). Asterisks indicate significant (P = 0.05) differences between flows before
and after construction of the dam and reserveir, pound signs indicate significant differences in variance. “"Min™
and “max’ refer o minimum and maximum, respectively.

3). The mean February, November, and December
flow rates, date of annual maximum flow, and num-
ber of reversals between rising and falling water
were lower before the construction of the dam
(Figures 2 and 3). The variability of the minimum
and maximum flows at 1, 3, 7, and 30 d was greater
before the construction of the dam, as was that of
the 90-d maximum flow and July flow rate (Figure
2); the variability in annual maximum flow date
was greater after construction of the dam. The
mean minimum flows at 1, 3, 7, and 30 d, along
with the 1-d and 3-d maximum flows and the flow
rise rate values were all greater above the reservoir
(Figures 4 and 5): the 30-d and 90-d maximum
flow rates, low-pulse count, and high-pulse dura-
tion were lower above the reservoir. The variabil-
ities of the 1-d and 3-d maximum flow rates, low-
pulse count, and rise rate of flow were greater
above the reservoir {(Figures 4 and 5); variability

in high-pulse length was lower above the reservoir.
The effects of the dam on the minimum and max-
imum flows of the Neosho River tended to de-
crease with increasing distance downstream (Fig-
ure 6). There was a dramatic decrease in Neosho
madtom densities just downstream of the dam near
the Burlington gauge (Figure 6). Further down-
stream, near the lola gauge, Neosho madtom pop-
ulation densities increased to levels near those
found above John Redmond Reservoir. Densities
began to decrease again from Iola downstream to
Parsons; however, they were still greater than those
at Burlington. The ANCOVA of Neosho madtom
densities and THA measures for the current and
preceding water years showed significant positive
relationships between Neosho madtom density and
(1) the minimum flows at 1, 3, 7, 30, and 90 d:
(2) the mean daily flows in October, December,
January, May, June, and August; and (3) the date



1272

WILDHABER ET AL,

400 - - 32.6
Il Before John Redmond Dam P<0.05

<] After John Redmond Dam * Mean _ =
# Variance 3
=
| <
300 )
o
o -1 @
3 o
411 -
> 200 4 % g

c <0
S oo

Q e
= 9 =
. x goﬁ - 4.2 g’._
100 :: Q
. 3 nd
<
o
=2
[l
(7]

0- -0

Rise Fall Min High High Reversal Low Low

Rate Rate Flow Flow Pulse Pulse Count Pulse Pulse

Date Date Count Length Count Length

Indicator of Hydrologic Alteration

FiGure 3.—Mecans and standard deviations for the frequency, duration, and timing of extreme flows as well as
the frequency and magnitude of changes in flow rate before and after construction of John Redmond Dam and
John Redmond Reservoir (Richter et al. 1996). The U.S. Geological Survey hydrologic data used are from the
gauge ncar lola, Kansas. The period 1940-1959 represents the predam period, the period 1970-1989 the postdam
period (N = 20 in cach period). Asterisks indicate significant (P = 0.05) differences between flow indicators belore
and alter construction of the dam and reservoir; pound signs indicate significant diifferences in variance. “Min"
and “"Max™ refer to minimum and maximum, respectively.

of the annual minimum daily flow (Table 3). The
annual minimum flow occurred around the middle
of September.

Discussion

We documented important relationships be-
tween location in relation to a main-stem dam and
reservoir and ictalurid densities, water quality,
substrate size composition, and hydrology. These
findings all suggest potential impacts on the ic-
talurid populations, particularly populations of
Neosho madtems, in the Neosho River as a result
of alterations in water quality, the availability of
suitable habitat as measured by substrate, and hy-
drology below John Redmond Dam. Our results
are consistent with previous surveys that impli-
cated the construction and operation of John Red-
mond Dam and John Redmond Reservoir as causes

of the changes in the structure of the fish com-
munity that have occurred within the upper Neosho
River basin {(Cross and Braasch 1969). This study
helps to define more specifically how and to what
extent water quality, habitat as measured by sub-
strate size composition, and hydrology as mea-
sured by IHA factors have been altered in the Ne-
osho River basin as an aid to formulating river
management strategies to improve the chances for
recovery of the ictalurid community within that
basin.

The differences in turbidity, the fredle index,
water temperature, dissolved oxygen, alkalinity,
NH;, and PO, above John Redmond Reservorr ver-
sus below John Redmond Dam suggest reservoir
impacts on the water and habitat quality of the
Neosho River. Changes in turbidity and substrate
in the Neosho River below the dam parallel ob-
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Ficure 4.—Means and standard deviations for 22 flow indicators above Jehn Redmond Reservoir and below
John Redmond Dam (Richter et al. 1996). The U.S. Geological Survey hydrologic data used are from 1970 10
1989 (V = 20). The Neosho River hydrograph above the reservoir is represented by combined data from the gauges
near Americus and Plymouth, Kansas; that below is represented by the gauge near Burlington, Kansas (see Figure
). Asterisks indicates significant (£ = 0.05) differences between indicators above the reservoir and the corre-
sponding indicators below the dam; pound signs indicate significant differences in variance. ““Min™ and “‘max”

refer 10 minimum and maximum, respectively.

servalions of previous researchers (e.g., Cross and
Moss 1987). As suspended solids are deposited on
the reservoir bottom due to decreases in stream
flow, turbidity levels decline and the composition
of the substrate changes below the dam (Baxter
1985). The higher fredle index below the dam than
above the reservoir represents a shift to the pre-
dominance of larger gravel below the dam, a sta-
tistic that is supported by the higher (though not
significant) geometric mean and percent makeup
for two of the three upper size-classes of substrate
(Table 2). This increased coarseness of the sub-
strate is a common effect of reservoirs (Baxter
19835). Decreased turbidity and increased substrate
size were identified as habitat factors limiting Ne-
osho madtom populations in the Spring River
(Wildhaber et al. 2000). This suggests that similar
limiting effects on Neosho madtom populations

may be occurring below John Redmend Dam as a
result of changes in turbidity and substrate size.
Although water temperature, dissolved oxygen,
alkalinity, NH;, and PO, differed above John Red-
mond Reservoir and below John Redmond Dam,
it is unclear whether these factors could be limiting
ictalurid populations, especially Neosho madtom
populations, because nothing is known about the
effects of these factors on Neosho madtoms. Mean
temperatures above the reservoir and below the
dam differed by nearly 3°C; however, nothing is
known about the preferred temperature or optimal
temperature for growth for Neosho madtoms.
Mean dissolved oxygen levels differed by less than
1 mg/L and were greater than levels shown to af-
fect the behavior of other plains fishes (e.g., Bryan
et al. 1984). The mean alkalinity level was only
10% less below the dam than above the reservoir
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FlGure 5.—Means and standard deviations for the frequency, duration, and timing of extreme flows as well as
the frequency and magnitude of changes in flow rate above John Redmond Reservoir and below John Redmond
Dam (Richter ¢t al. 1996). The U.8. Geological Survey hydrologic data used are from 1970 to 1989 (¥ = 20).
The Neosho River hydregraph above the reservoir is represented by combined data from the gauges near Americus
and Plymouth, Kansas; that below is representied by the gauge near Burlington, Kansas (see Figure 1). Asterisks
indicate significant (7 = 0.05) differences between indicators above the reservoir and the corresponding indicators
below the dam; pound signs indicate significant differences in variance. “Min" and “"Max"' refer to minimum and
maximum, respectively. The right axis only applies 10 low pulse count and low pulse length,

and in both cases was well within acceptable limits
for aquatic life (USEPA 1986). Mean NH; levels
were below the USEPA water quality criteria for
chronic toxicity to warmwater species (USEPA
1986). The phosphorus levels that would have
been present as a result of the observed mean PO,
levels above the reservoir and below the dam were
greater than recommended levels (USEPA 1936).

Along with removal of particulates, the presence
of John Redmond Dam and John Redmond Res-
ervoir has resulted in lower minimum flows, lower
short-term (l-d and 3-d) maximum flows, in-
creased occurrence of low-flow events, much less
variability in flow rates, increased winter flows,
increased long-term (30-d and 90-d) maximum
flows, increased length and variability in length of
high-flow events, and a later and more variable
date of maximum annual flow below the dam. In

essence, the Neosho River below John Redmond
Dam has become a river with lower minimum
flows and lower short-term and higher long-term
maximum flows. The lower minimum flows are
probably the result of a need to maintain water
levels in the reservoir. The lower short-term and
higher long-term maximum flows are probably the
result of managing the reservoir to minimize
downstream flooding.

Lower minimum flows below John Redmond
Dam may direcily constrain the available area of
riffle habitat suitable for Neosho madtoms and
therefore represent a limiting factor for such pop-
ulations in the Neosho River. Neosho madtoms are
almost entirely collected on gravel riffles with
moderate flows (Fuselier and Edds 1994). Qur ob-
served negative correlations between depth and the
densities of Neosho madtoms, all other catfishes



ICTALURID POPULATIONS AND STREAM HABITAT

1275

TasLE 3.—Coeflicients and P-values from two-way analysis of covariance (ANCOVA) of Neosho madiom densities
and low-rate (IHA) measures. The two-way model included year, location relative to John Redmond Reservoir, and
their interaction. The ANCOVAs were done with indicators of hydrological alteration (FHA) data from both the current
and the preceding water years in which Neosho madtom densities were collected. Each water year extended from |
October of the previous calendar year to 30 September of the current calendar year. Above John Redmoend Reservoir
and below the confluence of the Neosho and Cottonwood rivers, IHA values were based on the combined data from
the gauges at Plymouth and Americus, Kamsas (Figure 1). Neosho madtom densities were grouped and averaged for
cach year by the nearest U.S. Ggological Survey stream gauge (N = 28).

Coeflicient from
preceding water

Coelfticient trom
current waler

Measure year (P) year (P)

Monthly discharge (m*/sec)
Oct 075 ((L053) 1.66 (OO
Nov 0.61 (13 .85 (14
Dec .93 (0.034) (1L59 (.22
Jan .84 (0.048) (.60 (017
Feb {L.6Y (1L092) .65 (.12
Mar 0.99 (0L.O69) (.04 (0.15)
Apr 044  (0.39) 0.44 (0.24)
May 0.75 (0.16) 0.83 (0.049)
Jun 0.60 (017 0.94 (0L(H93)
Jul 0.56 ((h24) 0.91] (0.06)
Aug 1.03 (L0301 0.89 (0.047)
Sep 0.75 (0081 0.60 {.073)

Magnitude and duration of unnual

extremes (m3/sec)
T-d minimum .61 (0.048) .76 0.016)
1-d maximum (r.6Y (0.25) (.50 (0.14)
3-d minimum 0.79 (0.023) 0.98 (0.0087)
3-d maximum .45 (0.40) 0.46 0.17
7-d minimum 0.84 (0.023) 1.12 (0,0031)
7-d maximum 0.38 (0.51) 042 (0.24)
30-d minimum 0.70 ((LO6B6) 1.41 ((1.0022) .
30-d maximum 0.74 (.25 0.57 {17
90-d minimum 0.95 ((.064) 0.94 {0.010)
90-d muximum 08} (0.21) 0.68 (0,12}

Timing of annual extremes

(day of the year)
Annual minimum 0.01 (0.011) 0.00002 (0.78)
Annual maximum 0.0057 (0.16} 0.002  (0.63)

Rate and frequency of change in
conditions

Fall rate (m3/sec)

Rise rate (mY/sec)

Number of reversals between

rising and falling discharges
Frequency and duration of low and
high pulses

Low-pulse length (d)

Low-pulse count

High-pulse tength (d)

High-pulse count

—0.00012 (0.85)

=0.00018 ({).80)

0.46 (0.44) 0.18 (1.39)
0013 (0.23) 0.00006 (0.88)
0.08 (0.86) =014 (0.74)
—0.55 (0.32) —0.48 (0.36)
0.02 (0.75) -0.20 (0.80)
002 (0.6(h 0.01 (0.86)

combined, channel catfish, and stonecats and the
positive correlations between velocity and Neosho
madtom and stonecat densities support the obser-
vation that depth and velocity are important de-
terminants of habitat quality for Neosho madtoms
and other catfishes in the Neosho River basin
(Moss 1983; Fuselier and Edds 1994}. Based on
these observations, we suggest that the lower post-
dam low flows downstream from the dam limit
availability of suitable habitat for Neosho mad-

toms, a phenomenon that has been observed for
fishes in other systems that have been altered by
dams (e.g., Aadland 1993). Further support for the
need to increase minimum flows downstream of
John Redmond Dam is given by Kinsolving and
Bain (1993), who documented recovery of riverine
fishes along a disturbance gradient downstream of
a hydroelectric dam, and Travnichek et al. (1995),
who found that initiation of a minimum-flow re-
gime below the same dam increased the number
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FIGURE 6.—Mean values for minimum (solid symbols) and maximum (open symbols) flow measures and mean
annual density of Neosho madtoms (M) at gravel bars ncarest a given gauge for each U.S. Geological Survey
gauging station for water years 1990-1998. The symbols represent the following time intervals: squares, | d;
upward triangles, 3 d: circles, 7 d; downward triangles, 30 d; and stars, 90 d. The gauges are ordered from upstream
to downstream as (ollows (see Figure 1): 1 = Plymouth, Kansas; 2 = Americus, Kansas: 3 = Burlington, Kansas:
4 = lola, Kansas; 5 = Parsons, Kansas: and 6 = Commerce, Oklahoma.

of riverine fish species collected 3 km downstream
of the dam. Travnichek et al. (1995) found that the
impact on the fish community was greater at the
most upstream site below the dam.

The combination of lower minimum flows and
lower short-term maximum flow is also likely to
indirectly limit the available area of riffie habitat
that is suitable for Neosho madtoms by increasing
consolidation of gravel bars. Though the substrate
is coarser below John Redmond Dam, as indicated
by the fredle index and substrate size distribution,
it still contains a moderate amount of fine materials
(<2 mm; Table 2). It is these finer sediments that
allow for the “‘cementation’ of gravel bars during
fow-water periods that has been hypothesized as
a potential limiting factor for Neosho madtoms
(Deacon 1961; Moss 1981). Deacon (1961) dem-
onstrated a negative relationship between Neosho
madtom abundance and drought. Deacon (1961)
and Moss {1981) hypothesized that the drying of
organic matter during drought results in the ce-

menting together of the gravel that composes bars
normally occupied by Neosho madtoms. In support
of the cementation argument, Cross and Moss
(1987) documented a change in the substrate from
loose and “‘quick™ to firm and stable in the lower
Kansas River after construction of an extensive
reservoir system. Moss (1981) further suggests
that the compaction and cementation of gravel
bars, which occurs during periods of low water,
hinders recovery of the gravel substrate to the
loose consistency preferred by Neosho madtoms
that was present before drying. Bulger (1999) hy-
pothesized that the periods of low water resulting
in cementation of gravel bar sediments would tend
to exclude Neosho madtoms from the interstitial
spaces and the habitat in which they are predom-
inantly found (Wenke et al. 1992; Fuselier and
Edds 1994). Furthermore, this cementation of
gravel during low-water periods would increase
bar stability and thus increase the flows necessary
to unconsolidate the gravel (Gordon et al. 1992).
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Therefore, the lower short-term maximum fows
that now occur in the Neosho River below John
Redmond Dam probably limit the ability of the
river to reverse the consolidation of gravel that
occurs as a result of drying during low-water
flows. —

Our results suggest that minimum flows and
their timing are critical for the reproductive suc-
cess of Neosho madtoms. The USFWS (1991) sug-
gested that certain mimimum flows and the timing
of the spring rise may be critical to successful
reproduction of the Neosho madtom. The positive
relationship that we observed between Neosho
madtom densities and average daily flows in May
and June supports the hypothesis that timing of
the spring rise in water may be critical for suc-
cessful reproduction of the Neosho madtom.

The relationships between Neosho madtom den-
sity and average daily flow during August, Octo-
ber, December, and January suggest that minimum
flows may be critical to overwinter survival of
Neosho madtoms. Previous research has indicated
that a larger body size (Miranda and Hubbard
1994a; Smith and Griffith 1994) and the presence
of shelter (Miranda and Hubbard 1994b; Quinn
and Peterson 1996) increased overwinter survival
for fish species such as largemouth bass Microp-
terus salmoides, rainbow troul Oncorhynchus my-
kiss, and coho salmon Oncorhynchus kisurch. 1t
may be that inadequate flows just prior to and dur-
ing the overwintering period affect Neosho mad-
tom populations by limiting habitat resources and
thereby decreasing their chance for overwinter sur-
vival. The positive relationship between annual
minimum flow date and Neosho madtom densities
suggests that delaying minimum flows until after
population recruitment in the fall may also en-
hance Neosho madtom population numbers. In-
creased minimum flows would provide more hab-
itat for the Neosho madtom (a fluvial specialist),
especially in the form of shallow edge habitat over
gravel bars.

The lower Neosho madtom densities that were
observed downstream from John Redmond Dam
do not reflect a natural longitudinal gradient in the
species’ abundance. Even though the Neosho Riv-
er increases in size and the hydrologic patterns
recover to levels more like those above the res-
ervoir, Neosho madtom densities do not exhibit
parallel recovery (Figure 6). Past (Moss 1983} and
present data appear to show that densities of Ne-
osho madtoms can be as high below the dam as
above the reservoir, with no evident longitudinal
gradient below the dam (Figure 6). These obser-
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vations further support the contention that Neosho
madtom densities below John Redmond Dam are
at least partially the result of direct and indirect
effects of dam operation that occur far down-
stream.

The alterations in water quality and habitat that
occur simultaneously with changes in hydrology
as the result of damming may be as important as
the changes in hydrology themselves in impacting
fish communities (Cross and Moss 1987; Patton
and Hubert 1993). Our results suggest that, along
with the changes in water flow, changes in water
quality and habitat may be negatively affecting
Neosho madtom populations below John Redmond
Dam. Unfortunately, our water quality and habitat
measurements were limited to the first year of fish
collection and thus precluded more complex anal-
yses that would have allowed us to better deter-
mine the effect of water quality and habitat alter-
ations on Neosho River ictalurid populations. The
importance of water quality and habitat to Neosho
madtom populations has been previously docu-
mented {(Moss 1983: Fuselier and Edds 1995;
Wildhaber et al. 2000).

Changes in hydrology, habitat, or water quality
that increase Neosho madtom populations will
probably increase the populations of other riffle-
dwelling benthic fishes. The strong positive rela-
tionships between Neosho madtom densities and
those of all other catfishes combined, channel cat-
fish, and stonecats suggest that the status of the
Neosho madtom may be an indicator of environ-
mental impacts on all the benthic fish communities
of the Neosho and Cottonwood rivers. Previous
studies of environmental impacts on Neosho mad-
tom pepulations (Wildhaber et al. 1999, 2000)
have shown positive relationships between the
densities of Neosho madtoms, channel catfish, and
other riffle-dwelling benthic fishes, such as darters.
The Neosho madtom is a better indicator species
for the Neosho River benthic fish community than
other, more abundant species because it seems to
be more sensitive to environmental impacts (Fu-
selier and Edds 1994; Wildhaber et al. 2000) as a
result of its habitat specificity and short life cycle
(Moss 1983; Fuselier and Edds 1994). This sen-
sitivity and the ease with which Neosho madtoms
can be collected in reasonable numbers (Figure 6)
suggest thal the status of Neosho madtom popu-
lations would provide an effective early-warning
system for environmental impacts that may affect
the rest of the Neosho River fish community.

Further research is needed to directly test the
implications of our findings for habitat and water
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management strategies within the Neosho River
basin. Monitoring of Neosho madtom and other
ictalurid populations and physical habitat should
continue for the next 3-5 years. Concurrently,
flows should be increased below John Redmond
Dam so that the flows at Burlington, Kansas, mir-
ror the combined flows at Plymouth and Americus
to assess if fish populations and habitat respond
to changes in flow as predicted by this study. Fur-
ther, age and growth information on the widely
distributed stonecat should also be collected as a
surrogate to Neosho madtom age and growth in-
formation owing to the positive relationship be-
tween Neosho madtom and stonecat densities that
we observed. Because turbidity limits visual ob-
servations in the field, laboratory tests are needed
to determine if and how flow affects the repro-
ductive behavior and success of Neosho madtoms.
Because substrate composition seems to be a crit-
ical limiting factor for Neosho madtoms (Moss
1983; Fuselier and Edds 1995; Wildhaber et al.
2000), field studies are needed that test the impacts
of habitat alterations, such as gravel mining, on
Neosho madtom populations. Implementation of
these recommendations, along with those resulting
from further research, should lead to a high prob-
ability of recovery for Neosho madtom popula-
tions in the Neosho River to the levels identified
as necessary for delisting of the species as threat-
ened (USFWS 1991).
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